Objectives Multiple intracranial aneurysms (MIAs) are fairly common entities. Unless MIAs are incidentally diagnosed, they remain asymptomatic until they rupture. In this study, the authors investigated factors affecting the surgical outcomes in patients with MIA by evaluating the surgical outcomes of 90 consecutive cases. Material and Methods Medical records were retrospectively reviewed for 409 consecutive cerebral aneurysm cases that underwent surgery in the hospital from 2011 to 2013. The patients' data were prospectively collected. All MIA patients (n = 90) constituted the core sample for this study. Results The authors detected 221 aneurysms in 90 patients (49 females and 41 males; mean age: 50.8 ± 11.9 years; range: 25-82 years). Of the patients, 67 presented with subarachnoid hemorrhage, whereas 23 were incidentally diagnosed with unruptured aneurysms. The mortality rate was 13.3% (n = 12). The morbidity rate was 18.8% (n = 17). Of the patients, 67.8% (n = 61) had returned to their jobs and normal daily activities by their last follow-up (average: 52.3 months). History of coronary artery diseases (CADs) and low neurologic grade at presentation (Hunt-Hess grade 4/5) are independent risk factors for increasing morbidity and mortality in patients with MIA (odds ratio 
Introduction
Multiple intracranial aneurysms (MIAs) are fairly common entities. Unless MIAs are incidentally diagnosed, they remain asymptomatic until they rupture. Intracranial aneurysm rupture leads to subarachnoid hemorrhage (SAH), a potentially lethal event with a high rate of mortality and morbidity. 1, 2 A systematic review suggested that unruptured cerebral aneurysms occur in up to 6% of the general population. 3 MIAs occur in up to one-third of people with intracranial aneurysms. 4 Several studies have investigated factors that lead to aneurysm multiplicity. Cigarette smoking, age, and female gender seem to be risk factors for MIAs in patients who have suffered SAH. 5, 6 Chronic hypertension may have an impact on vessel wall thickness, leading to aneurysm enlargement and eventual rupture, usually associated with an acute increase in the Factors Affecting Multiple Intracranial Aneurysms Abdallah et al.
blood pressure. MIAs can present as single aneurysms, and then other aneurysms may develop with time or there may be multiple aneurysms at initial presentation.
The prognosis of aneurysmal SAH has remained poor despite improvements in medical technology and microneurosurgical treatment. The mortality rate for SAH is 30 to 40%, and as many as 60% of those who survive SAH may be functionally dependent. 7 Several studies have investigated the surgical outcome in patients with cerebral aneurysms. The authors investigated factors affecting the surgical outcome in patients with MIA.
Material and Methods

Design of the Study
This retrospective study was approved by the medical ethics committee of the hospital (decision number 573/2015). Written informed consent was obtained from the patients and their first-degree relatives for the publication of their cases and accompanying images.
Patient Data
Medical records were prospectively collected (all entrance data were collected at hospitalization) from 409 consecutive patients with intracranial aneurysm who underwent surgery at the hospital from 2011 to 2013. All patients with MIA, in whom at least one of the aneurysms had been surgically treated, were included in this study. The mean follow-up was 52.3 months. Clinical outcomes were evaluated using the Glasgow outcome scale (GOS).
Surgical Technique
The authors have described their surgical technique for MIAs in detail previously. 8 The important steps are summarized as follows. The conditions in which anatomy permitted unilateral approaches were assessed preoperatively. Ruptured, irregularly shaped, and large aneurysms (good candidates for rupture) were first priorities for repair. Craniotomy should always be performed on the side of the ruptured aneurysm. 8 Under general anesthesia, the patients were placed in the supine position with the head held in a fixation device. In this series, neurosurgeons performed lateral supraorbital craniotomy as a minimally invasive approach for all aneurysms. Single-stage clipping was planned for aneurysms by performing approximately 3 × 3-cm-sized craniotomy (►Fig. 1). Additional pericallosal and/or marginally callosal aneurysms were treated with a slightly larger but single craniotomy that extended medially and stopped at the immediate midline for visualization of the interhemispheric fissure.
After suitable craniotomy was performed, the roof and lateral orbital wall were radically thinned to near total. The Sylvian fissure was never opened; this was extremely promising by avoiding unnecessary arterial manipulations. For a middle cerebral artery (MCA) aneurysm, the Sylvian fissure was opened just over the dome and then proximal and distal ends wrier revealed. Further splitting of the fissure up to the carotid artery was not necessary.
The lamina terminalis was opened in all cases with SAH before beginning aneurysm dissection, except for anteriorly directed anterior communicating artery (ACoA) aneurysms. This allowed for further relaxation of the brain and gaining space as well as for reducing the hydrocephalus risk that may occur secondary to SAH. For nonruptured aneurysms if initial cisternal cerebrospinal fluid (CSF) drainage was satisfactory, postclipping opening of the lamina terminalis was preferred. To avoid unnecessary oozing into the third ventricle during dissection, microsurgical clipping of all reachable aneurysms was performed. Aneurysms that were not appropriate for clipping were wrapped with very thin cotton prepared like a moocher to facilitate fibrosis. Some were sent for endovascular treatment if they could not be clipped.
Statistical Analysis
All data are expressed as the mean ± standard deviation (SD) with the range shown in parentheses. Differences between groups were assessed by a one-way analysis of variance (ANOVA) using the SPSS 21.0 (IBM Inc.) statistical package. Significance in the multivariate model was determined using p < 0.05, and trend-level effects were defined as p = 0.05-0.10. All p values were presented with an odds ratio (OR).
Results
The authors detected 221 aneurysms in 90 patients (49 females and 41 males; mean age: 50.8 ± 11.9 years; range: 25-82 years). Of the patients, 67 presented with SAH, whereas 23 were incidentally diagnosed with unruptured aneurysms. Sixty-five (72.2%) patients presented with two aneurysms (►Table 1). Aneurysms were located in ACoA (n = 50), MCA (n = 94; right: 49 and left: 45), internal carotid artery (ICA; n = 49; right: 34 and left: 15), posterior communicating artery (PCoA; n = 13; right: 9 and left: 4), anterior cerebral artery (ACA; n = 10; right: 6 and left: 4), basilar artery (n = 3), and superior cerebellar artery (SCA; n = 2). According to the Hunt-Hess scale in the SAH group, the aneurysms were grades 1, 2, 3, 4, and 5 in 8, 35, 13, 7, and 4 patients, respectively. Comorbidities in all patients are shown in ►Table 2. Exception was for two aneurysms that could not be treated because the patients died after treating their ruptured aneurysms. Observation was the choice of treatment in 1.4% (n = 3) of all aneurysms, embolization/coiling in 2.3% (n = 5), and wrapping in 2.3% (n = 5). Twelve (5.4%) aneurysms in three patients were treated via two craniotomies performed at the same stage, 27 (12.2%) in 10 patients were treated in two stages, and 33 (15%) in 11 patients were treated via one craniotomy at the same stage (15 were clipped contralaterally). Total 134 (60.6%) aneurysms detected in 66 patients were clipped microsurgically through ipsilateral craniotomies. Three patients presented with recurrent SAH at 122, 106, and 23 months, respectively after initial curative treatment. Cigarette smoking was an independent risk factor for SAH, but only with trend-level significance (OR, 2.75; p = 0.053). However, smoking, when associated with male sex was a risk factor for SAH (OR, 8.4; p = 0.037). The mortality rate was 13.3% (n = 12). The morbidity rate was 18.8% (n = 17). Of these 17 patients, 7 were already partially or completely dependent on others for daily activities preoperatively (GOS ≤ 3). Of the patients, 67.8% (n = 61) returned to their jobs and normal daily activities (GOS ≥ 4) at their last follow-up (average: 52.3 months). Complications included hydrocephalus (n = 9), hematoma (n = 2), CSF leakage (n = 2), infarction due to vasospasm (n = 2; transient vasospasm cases were not included), seizures (n = 2), surgical site infection (n = 1), rhinorrhea (n = 1), and osteomyelitis (n = 1).
Five patients with SAH and one with incidental MIAs had transient vasospasms, but they were documented according to their status at discharge. Female sex increased the mortality rate, but only with trend-level significance (OR, 3.97; p = 0.068). However, male sex factor increased the morbidity rate (OR, 3.02; p = 0.049). Age was not statistically significant (p = 0.89 and p = 0.79, respectively). The presence of SAH increased both morbidity and mortality rates, but only with trend-level significance (OR, 3.84; p = 0.064) and (OR, 5.63; p = 0.07), respectively. Details are shown in ►Table 3.
Morbidity (OR, 0.06; p = 0.0001) and mortality (OR, 0.07; p = 0.002) rates increased in patients with worse neurologic grade SAH. The presence of hematoma increased the mortality rate (OR, 0.16; p = 0.007). However, it increased the morbidity rate only with trend-level significance (OR, 0.31; p = 0.051). Impairment of consciousness (high Hunt-Hess grades 4/5) increased the mortality rate (OR, 0.18; p = 0.01). However, this group did not have a high morbidity risk (OR, 1.66; p = 0.35).
Of 61 fully recovered patients (GOS ≥ 4), 23 were heavy smokers (at least smoking ≥ 20 cigarettes a day). Six heavy smokers recovered with deficits (GOS < 3). Of 12 patients who died, 5 were heavy smokers. Therefore, smoking increased the morbidity rate (OR, 0.33; p = 0.044). Hypertension also increased the morbidity rate, but only with trend-level significance (OR, 0.40; p = 0.098). However, neither smoking (OR, 0.43; p = 0.16) nor hypertension (OR, 0.48; p = 0.22) had a statistically significant impact on mortality in patients with MIA. History of coronary artery diseases (CADs) increased morbidity and mortality rates (OR, 18.46; p = 0.007 and OR, 30.0; p = 0.002, respectively; ►Table 3).
Similarly, there was no statistically significant impact on morbidity or mortality rates between history of diabetes mellitus (DM; OR, 1.84; p = 0.53 and OR, 5.9; p = 0.12, respectively), chronic obstructive pulmonary disease (COPD; OR, 0.89; p = 0.70 and OR, 1.3; p = 0.6, respectively), thyroid dysfunction (OR, 0.89; p = 0.70 and OR, 1.3; p = 0.6, respectively), Abbreviations: CAD, coronary artery diseases; COPD, chronic obstructive pulmonary diseases; CVA, cerebrovascular accident. Note: Despite the fact that CAD is usually seen more in men than women, in these patients, it was seen more in women than men. This may be because of the sample size is relatively small. Our hospital is one of four big reference neurosurgery hospitals in our city, and all small hospitals refer their patients for us. This may be another reason.
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and cerebrovascular accident (CVA; OR, 2.68; p = 0.42 and OR, 1.84; p = 0.53, respectively). Posterior circulation aneurysms were rare in this series; five aneurysms were detected in four patients. Rest of the aneurysms (n = 216; detected in 86 patients) were anterior circulation aneurysms. This is due to the tendency to refer posterior circulation aneurysms to the endovascular team. Location in the posterior circulation was not a factor affecting morbidity or mortality (p = 0.19 and p = 0.7, respectively). Ruptured posterior circulation aneurysms (2/4) with hydrocephalus that was surgically treated had trend-level significance (OR, 9.57; p = 0.063).
Discussion
Despite the development of medical instrumentations, techniques, and surgical and endovascular management of patients with MIAs, mortality and morbidity rates remain high and unacceptable. Several studies have shown that after SAH, MIAs are associated with a less favorable outcome than single aneurysms. 5, 9 In this study, 67.8% patients had good outcomes. This is close to the experience of all 409 patients (319 with single aneurysms and 90 with MIAs) who underwent surgical treatment for single aneurysms in the same period and at the same institute. Of the 319 patients, 241 recovered fully (GOS ≥ 4), 49 experienced ≥ 1 deficits/morbidities, and 29 died. However, the differences in morbidity and mortality rates were not significant.
Some early prospective studies showed that several factors can affect outcomes of treatment for patients with SAH. Pickard et al 10 suggested that age, sex, loss of consciousness, Glasgow coma scale (GCS) scores, angiographic findings, limb weakness, neck stiffness, hypertension, computed tomography (CT) findings, and treatment factors were individually related to outcome of oral nimodipine use for delayed cerebral infarction of SAH. Rosengart et al 11 suggested that unfavorable outcome after SAH was associated with increasing age, worse neurologic grade, ruptured posterior circulation aneurysm, larger aneurysm size, more SAHs on admission CT, intracerebral/intraventricular hematoma, elevated systolic blood pressure at admission, history of hypertension, myocardial infarction, liver disease, or SAH. These results showed that a history of CADs and low neurologic grade at presentation (Hunt-Hess grade, 4/5) are independent risk factors for increasing mortality and morbidity in patients with MIA. Loss/impairment of consciousness and presentation with hematoma increased the mortality rate, whereas cigarette smoking increased the morbidity rate. Presenting with SAH was also a factor that increased mortality and morbidity rates, but only with trend-level significance. Despite the fact that the authors did not find a relationship between surgical outcome and posterior circulation aneurysms, ruptured posterior circulation aneurysms were associated with a higher rate of hydrocephalus requiring surgical treatment, but only with trend-level significance. SAH is more common in females than in males (ratio: 2:1). The peak incidence is between 50 and 60 years of age. 12 However, unruptured cerebral aneurysms are as much as three times more common in women. 13 In this study, 23 of 90 MIAs were incidentally diagnosed. This rate is relatively high according to previous reports. This may be because the sample size is relatively small. Our hospital is one of four large reference neurosurgery hospitals in our city, and all small hospitals refer their patients to us. In this series, the female predominance was observed with 54.4% of patients, which was not as high as that in previous reports. 5, [12] [13] [14] One study found that female sex itself was also associated with an increased rate of MIAs among patients with SAH. The same study suggested that among the elderly (≥ 70 years of age), prognosis was less favorable for patients with SAH with MIAs than for those with a single aneurysm. 6 In this study, female patients had a higher risk for death than male patients, but only with trend-level significance, whereas male patients had a higher deficit risk.
After SAH, the incidence of recurrence within the first 10 years was 22 times higher than that expected in the same population with comparable age and sex. Another study found that smoking, age, and the presence of MIAs at time of SAH were statistically significant risk factors for recurrent SAH. 15 The same study found that 18 (2.4%) of 752 patients had recurrent SAH. In this study, five patients had recurrent MIAs after an average of 70 (23-122) months: three presented with SAH (of 67 patients with SAH; 4.5%) and two presented with headache. All five patients (three women and two men) were heavy smokers. The mean age of the recurrent SAH group was 59.4 ± 5.4 (range: 51-65) years. Thus, the presence of MIAs at the time of SAH and smoking were also statistically significant risk factors for recurrent SAH in these patients. However, advanced age was not a statistically significant risk factor for recurrent SAH. According to these results, presentation with SAH placed these patients with MIAs at higher risk of death or development of new deficits, but only with trend-level significance.
To assess the neurologic grade in patients with SAH, the GCS or Hunt-Hess classification is commonly used. In this study, morbidity and mortality rates were high among patients with MIAs who presented with low neurologic grade (Hunt-Hess 4/5 or < 8 points on GCS). Similarly, a high mortality rate was recorded among those who presented with loss/impairment of consciousness. However, this group was not at risk of suffering a new deficit. A low neurologic grade and history of CAD increased morbidity and mortality rates. Several studies noted the poor prognosis of patients with SAH who present with a low neurologic grade.
6,10,11,16-18 However, to the best of our knowledge, no study has explained the relationship between surgical outcome of aneurysms and history of CAD. Despite the fact that CAD usually occurs in men more than in women, in these patients, CAD occurred in women more than in men. This may be because of the relatively small sample size and the fact that all small hospitals refer their patients to our larger institution. History of CAD is a risk factor for all surgical procedures, and this remained constant for single and multiple aneurysms. This is similar to the experience of all 409 (319 single and 90 MIAs) patients who underwent surgical treatment for a single aneurysm during the same period and at the same institute. Despite the fact that the history of CAD impacts the surgical outcomes in patients with multiple and single aneurysm, the female sex predominance was not apparent in those with a single aneurysm as it was in those with MIAs. These results demonstrated that the presence of intracerebral/intraventricular hematoma increased the mortality rate, whereas it increased the morbidity rate only with trend-level significance. Actually, these results are in line with those of previous studies that suggested that the presence of intracerebral/intraventricular hematoma in patients with SAH has a poor prognosis. 10, 11, 17, 18 Cigarette smoking is known to increase the risk of SAH and spontaneous intracerebral hematoma. It is an independent and the most important risk factor for SAH, which already has been proven in several cohort and case-control studies. [19] [20] [21] [22] History of hypertension is considered a risk factor for SAH. 19, 20 This study showed that smoking increased the morbidity rate but had no statistically significant impact on mortality in patients with MIAs. History of hypertension increased the morbidity rate, but only with trend-level significance. In addition, multiplicity of aneurysms; surgical treatment approach; and history of DM, COPD, thyroid dysfunction, and CVA factors had no statistically significant impact on morbidity or mortality rates. Three patients with SAH and one with an unruptured MIA had a poor prognosis after surgical complication. The review included these cases.
This study has a few limitations. The sample used comprised all diagnosed and treated cases of MIA at the hospital over 3 years. The sample size was relatively small and did not represent a wide geographic area as all the patients were from Istanbul and surrounding areas. The results represented a single institute experience by the same team of neurosurgeons using lateral supraorbital craniotomy, which is a minimally invasive approach. Other institutes may follow different approaches. The study design was retrospective. Further prospective randomized studies with larger samples and long follow-ups are required to improve the representativeness of the results.
Conclusion
Most prognostic factors for surgical outcome of patients with MIA are present at admission and are not dependent Factors Affecting Multiple Intracranial Aneurysms Abdallah et al.
on surgical intervention. History of CADs and high HuntHess grade are independent risk factors for poor surgical outcomes of patients with MIA. Further prospective studies are necessary to systematically investigate these findings.
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